One hundred and six patients have been restudied three and one-half to 5 years (average 4.1 years) after they were observed with pregnancy and heart disease at the Boston Lying-in Hospital.
T HE woman with heart disease who has entered or is planning pregnancy will ask a series of questions involving her immediate and remote prognosis. One of the questions involves her chance of surviving pregnancy. Many studies have been reported evaluating the mortality during pregnancy and the puerperium in women with heart disease. This mortality varies from less than 1 per cent to more than 3 per cent in patients under careful medical management throughout their pregnancies. As pointed out by Hamilton' in his recent summary of cardiovascular problems in pregnancy, the immediate maternal mortality will be influenced by the severity of the heart disease at the time of pregnancy judged by a careful review of the patient's history, with particular regard to the previous occurrence of episodes of heart failure, the maternal age, the availability of good medical and obstetrical advice and the cooperation of the patient in accepting this advice. It will also be affected by the policy of the patient's physicians toward the interruption of pregnancy, since if pregnancy is interrupted early in all patients with severe heart disease, the immediate maternal mortality might decline, possibly at the cost of an increased fetal mortality.
A second question to be expected from the woman with heart disease entering pregnancy is what chance she has of producing a living infant. The infant mortality when the mother has heart disease has been studied in several large clinics. Bunim and Appel2 reported an infant mortality rate of 6 per cent in women with compensated heart disease and one of the literature states that the mortality of infants born to patients classified functionally in class I and II by the American Heart Association Classification will be the same as in patients with no heart disease, while those born of mothers in class III and IV, under the same classification, will have a 30 per cent mortality.
Thus, these two questions can be answered in fairly definite terms. The woman with well compensated heart disease, who is class I or class II by the functional classification of the American Heart Association, has better than a 97 per cent chance of surviving pregnancy and about as good a chance of producing a living baby as the woman without heart disease.
A third question that the pregnant woman with heart disease logically may be expected to ask is in regard to her prognosis for life and health, once the immediate dangers of pregnancy are past. Few data are available to answer that question. For this reason a follow-up study of those women with heart disease who were seen during pregnancy in the Boston Lying-in Hospital is being made. This is the first report on that study.
MATERIAL
In July 1950 Dr. C. Sidney Burwell and his associates assumed responsibility for the medical clinic at the Boston Lying-in Hospital. In the ensuing 18 months, 91 cardiac patients were delivered, and an additional 15 patients, delivered shortly before July 1950, were seen and evaluated at a postpartum visit to the medical clinic. This total of 106 patients included 92 with rheumatic heart disease, 8 with congenital heart disease, 1 with hypertensive cardiovascular disease, 1 with combined hypertensive and rheumatic heart disease, and 4 with "potential" rheumatic heart disease. The patients, at the time of pregnancy, * were classified according to * Patients were classified as to functional status at the eighth month of pregnancy or at the time of interruption. Ideally their pre-pregnant classification should have been used but we did not see them until they were pregnant. functional capacity (American Heart Association Classification) as follows:
No heart diseaset. In the group there were 16 interruptions of pregnancy because of heart disease, 2 interruptions for noncardiac reasons, and 4 spontaneous abortions. Eighty-four patients continued through pregnancy (81 of these had a living baby).
There were no maternal deaths during pregnancy or in the postpartum period in this group of 106 patients.
These 106 patients were recalled in order to study the evolution of the mothers' heart disease, and thereby to clarify the course of cardiac patients following pregnancy. The re-evaluation was accomplished in a 6-month period between January and June, 1955. The planned work-up included history, physical examination, vital capacity, electrocardiogram, fluoroscopy with barium swallow, and routine chest film. Such a study was completed in 85 patients who came to the clinic, while a history was procured by telephone or letter in the remaining 21 patients who could not report for more specific study.
This group of 106 was selected only in so far as it comprised all the patients followed within a specified time interval in a metropolitan obstetrical hospital and referred to the hospital's medical clinic because of heart disease. The follow-up period of 3 to 5 years was selected because the changes since pregnancy could be evaluated by the same group of physicians that had supervised the therapeutic regimen during pregnancy. While the follow-up period is short, re-evaluation after even Of the 11 patients who showed progression, the three who are now pregnant note increased symptoms during their present pregnancies. The progression of heart disease ill the other eight patients of this group does not appear to be directly related to past pregnancies. It seems rather to be a result of the evolution of rheumatic heart disease.
The three deaths in the total group of 106 patients were all confirmed by official copies of Certificates of Death. These three patients are of such interest and significance that their histories will be outlined.
The first patient had a diagnosis of both hypertensive cardiovascular disease and rheumatic heart disease with mitral stenosis. She was first seen at the age of 27 with a past history of recurrent rheumatic fever and of hypertension of nine years' duration. There had been a miscarriage at 20 weeks' gestation at the age of 26 Of the 71 patients with rheumatic heart disease who reported to the clinic for a complete examination, 16 were noted to have gained or lost murmurs in the past 13 to 5 years. The murmur of mitral stenosis was lost in 4 and gained in 2 cases; that of mitral insufficiencyc was lost in 2 and gained in 1 case; those of mitral stenosis and mitral insufficiency were lost in one case; that of aortic stenosis was gained in five cases; and murmurs indicating a combination of mitral insufficienlcy and aortic stenosis were gained ill one case. The disappearance of murmurs following delivery may be due to the altered circulatory dynamics of the pregnant state. The murmur that most frequently appeared was that of aortic stenosis, as might be expected in an older group. One of the two patients ill whom the murmur of mitral stenosis appeared was in the sixth mouth of a third pregnancy at the time of the re-examination; the other patient was a 2:3 year old girl in whomn the progression of rheumatic heart disease was apparent in that she showed a concomitait, decrease in functional capacity.
Two of the 16 patients who in 1950 to 1951 had signs of, or a past history of, cardiac failure were dead at the time of the re-evaluation. Of the remaining 14 patients with previous failure noiie has shown progression of heart, disease in terms of functional classification. However, only 3 have not been sterilized and only 1 has had a subsequent pregnancy.* Five valvuloplasties were performed on patiemits who had evidence of cardiac failure in 1950 to 1951; all these were improved but only 2 of the 5 had not been previously sterilized; these patients have not had a subsequent, pregnancy. There was no clear evidence of cardiac failure in any of the patients who were re-examined although enlarged, tender livers were palpable in 2 films showed a smaller heart or decreased vascular markings in 9 patients, and a larger heart in 5 patients. There was no apparent relationship between the x-ray and electrocardiographic changes and the changes in functional capacity except in patients who had had valvuloplasty. Here, there was definite correlation.
In the eight patients with congenital heart disease, cardiac catheterization was not performed to assess the nature of the lesions. Probable diagnoses based on available work-up were as follows: interatrial septal defect, 1 patient; subaortic stenosis, 2 patients; pulmonic stenosis, 2 patients; coarctation of the aorta, 3 patients.
DIscussIoN
The course of the 106 cardiac patients who were observed during this study was surprisingly good in regard to both survival and well-being. There were no maternal deaths during pregnancy or in the postpartum period in this group of 106 patients. Three to 5 years after their pregnancies only 3 of the 106 patients were dead. Sixty-five patients (61 per cent) were functionally unchanged according to the American Heart Association Classification, and 27 patients (26 per cent) showed an improvement in their cardiac functional ability. In 5 of these this improvement could be attributed to valvuloplasty and in another to resection for coarctation of the aorta. Only 14 patients (12 per cent) showed progression of heart disease in terms of functional classification.
Because of the small number of patients with congenital heart disease in this study, no conclusions can be drawn as to the effect of pregnancy on congenital heart disease, and the following comments apply to the 92 patients with rheumatic heart disease.
Several explanations may be invoked to explain the relatively benign course of the patients in this study. As has been known since Grant's classic work,5 the adult patient with valvular heart disease may maintain well-being for many years before the intervention of congestive heart failure. Furthermore, all our patients had already survived to the childbearing age and thus had passed the period of greatest mortality in the natural history of rheumatic fever. According to Wilson, 6 two thirds of the total mortality in children with rheumatic fever occurs before puberty and of those who survive to age 15, over 70 per cent can be expected to survive to age 40. In the study of Bland and Jones4 of 1,000 patients who survived their first attack of rheumatic fever at an average age of 8 years, 202 were dead at the end of 10 years, and only an additional 99 died in the second 10 years following their initial attack of rheumatic fever. Twenty years after the acute attack, 699 of the original group were alive (380 with rheumatic heart disease) and of these, 3 out of 4 had little or no limitation. Thus, in a real sense, our patients had been selected by the natural history of rheumatic fever as a group with a relatively good prognosis. In addition, in 5 of the patients with severe rheumatic heart disease and in 1 with congenital heart disease (coarctation of the aorta) the natural history of the disease was altered by surgery.
The patients were further selected by the fact that they were well enough to become pregnant and to complete it, except for the 16 who had therapeutic abortion.
In the past, the influence of pregnancy on the natural course of rheumatic heart disease has been studied largely by reviewing the childbearing record in known cardiac patients. Boyer and Nadas,7 in a careful review of the age at death in nulliparous women in comparison to those who had survived pregnancy, came to the conclusion that women who have borne children do not die sooner than either nulliparous women or males with rheumatic heart disease. Furthermore, according to their studies, even multiple pregnancies could not be held accountable for any reduction in the average age at death. This study wisely excluded patients who had not survived to the end of the reproductive period (age 40) be-cause some nulliparae died too early to hav:e a chance at pregnancy.
Little follow-up work comparable with that presented here has come to our attention. In the discussion of a paper presented by Carr and Hamilton,8 Dr. B. P. Watson reported that of 223 patients with heart disease who survived pregnancy, 9 died within 1 year after delivery, 6 died in the second year after delivery and 131 were dead within 10 years of delivery. Naish's attempt9 to study the remote effects of pregnancy in cardiac patients is largely invalidated by the fact that she was able to report on only 93 of a total of 426 pregnant cardiac patients. Of this group of 95, seen an average of 5 years after pregnancy, 3 were dead and 37 per cent were worse than before pregnancy.
Haig and Gilchrist"O conducted a follow-up study of 295 women observed during pregnancy from 1 to 10 years previously. The average duration of follow-up is not given. Forty-one women had died since pregnancy, the majority of deaths occurring in those women who were classified as class IV during pregnancy. They felt that the burden of pregnancy was capable of causing congestive heart failure in a woman roughly 3 to 7 years before it would appear in the normal course of events.
The careful studies of Gorenberg and Chesley"l lead to a more optimistic conclusion.
They state "There is nothing to suggest that the heart is damaged by childbearing or that the course of the rheumatic process is thereby accelerated." They examined 260 women 9 to 14 years after delivery. With regard to management as a factor affecting prognosis the following points may be made. A significant fraction of the patients in the medical clinic of the Boston Lying-in Hospital, between one third and one half, are not aware that they have heart disease until the diagnosis is made during the pregnancy. This is partly because they have not been to physicians and partly because the increased cardiac work of pregnancy tends to increase the evidence of valvular heart disease and to make the diagnosis less difficult. There seems to be no doubt, then, that through the Lying-in Hospital a considerable number of women come uinder systematic medical supervision who otherwise would not have it. We take great pains in the medical clinic at the Boston Lying-in Hospital to try to arrange for a continuing follow-up for all of our patients with heart disease. They are referred with complete information to a private physician of their own choice or to one of the many competent medical or cardiac clinics in the community. We are impressed with the probability that the education of these patients during the months of pregnancy appears in many to be followed by a more responsible attitude on their part toward their cardiac disease. SUMMARY One hundred and six patients have been restudied three and one half to five years (average 4.1 years) after they were observed with pregnancy and heart disease at the Boston Lying-in Hospital. No patient died during pregnancy or the puerperium. Only three have died since; 92 patients have shown eitherno change or an improvement in functional classification.
This re-evaluation indicated that the altered circulatory dynamics of pregnancy may temporarily decrease functional capacity. However, no permanent change in degree of heart disease could be directly attributed to the pregnancy for which these patients were followed in 1950 to 1951. 
